(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(43) Date of publication: 

07.1 1 .2001 Bulletin 2001/45 



(n) EP1 152 120 A2 
EUROPEAN PATENT APPLICATION 

(51) intci* E21B 43/10, E21B 43/08 



(21) Application number: 01304042.3 

(22) Date of filing: 03.05.2001 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LJ LU 
MC NL PT SE TR 
Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 05.05.2000 US 565899 

(71) Applicant: Halliburton Energy Services, Inc. 
Dallas, Texas 75381-9052 (US) 



(72) Inventors: 

• Castano-Mears, Ana M. 
Coppell, Texas 75019 (US) 

• Gano, John C. 
Carrollton, Texas 75007 (US) 

• Echols, Ralph H. 
Carrollton, Texas 75287 (US) 

(74) Representative: Curtis, Philip Anthony et al 
A.A. Thornton & Co., 
235 High Holborn 
London WC1V7LE (GB) 



(54) Expandable well screen 

(57) An expandable well screen (36) provides in- 
creased collapse, torsional and tensile strength. In an 
embodiment, the expandable well screen (36) includes 
a generally tubular base pipe (38) and an external filter- 



ing media (40). The well screen (36) is configured to 
have sufficient torsional and tensile strength for convey- 
ance and positioning in a wellbore, while also having 
sufficient strength to prevent collapse when the screen 
(38) is radially expanded. 
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Description 

[0001] The present invention relates generally to op- 
erations performed, and equipment utilized, in conjunc- 
tion with a subterranean well t and more particularly re- 
lates to provides an expandable well screen. 
[0002J It is useful in some circumstances to be able 
to convey generally tubular equipment into a subterra- 
nean well, position the equipment within a wellbore of 
the well, and then outwardly expand the equipment in 
the wellbore. For example, a restriction in the wellbore 
may prevent the equipment in its expanded configura- 
tion from passing through that part of the wellbore. but 
the equipment may pass through the restriction in its re- 
tracted configuration. In one application of this principle, 
it is known to use expandable well screens in wellbores. 
[0003] An example of the potential usefulness of ex- 
pandable equipment in a wellbore is where the wellbore 
intersects a productive, relatively unconsolidated, for- 
mation. It would be desirable in many situations to be 
able to utilize a well screen to filter production from the 
formation, while foregoing the expense of cementing 
casing in the wellbore and performing a gravel packing 
operation. Unfortunately, without any radial support the 
unconsolidated formation would likely collapse into the 
wellbore, causing additional expense and loss of reve- 
nue. Conventional non-expandable well screens must 
necessarily be smaller than the wellbore in order to be 
conveyed therethrough, and so they are incapable of 
providing any radial support for an unconsolidated for- 
mation. Conventional expandable well screens are not 
designed for contacting and providing radial support for 
a formation, and so are unsuited for this purpose. 
[0004] Therefore, it can be seen that it would be quite 
desirable to provide an expandable well screen which 
may be used for contacting and providing radial support 
for a formation intersected by a wellbore. It would also 
be desirable to provide an expandable well screen hav- 
ing enhanced torsional and tensile strength. It is accord- 
ingly an object of the present invention to provide such 
an expandable well screen. 

[0005] In carrying out the principles of the present in- 
vention, in accordance with an embodiment thereof, an 
expandable well screen is provided. When radially ex- 
tended downhole. the well screen may be used to sup- 
port an unconsolidated formation. Of course, the well 
screen may also be used in situations in which a forma- 
tion is not supported by the screen. Additionally, an ex- 
pandable well screen having enhanced torsional and 
tensile strength is provided. 

[0006] According to one aspect of the invention there 
is provided an expandable well screen, comprising: a 
filtering media, the filtering media stretching circumfer- 
entially when the well screen is radially outwardly ex- 
panded. 

[0007] In an embodiment, the filtering media compris- 
es an elongated strip disposed in a helical configuration. 
[0008] In an embodiment, the filtering media includes 



a layer of relatively fine filtering material sandwiched be- 
tween layers of relatively coarse filtering material. The 
relatively fine filtering material may be a sintered woven 
filtering material. 

5 [0009] In an embodiment, the filtering media is gen- 
erally tubular and has multiple slots formed there- 
through. The slots are arranged helically relative to a 
longitudinal axis of the filtering media. 
[0010] In an embodiment, the filtering media filters 

10 particles have a size of greater than 500um when the 
well screen is radially outwardly expanded. 
[0011] in an embodiment, openings through the filter- 
ing media for fluid flow therethrough change size by less 
than fifty percent when the well screen is radially out- 
1S wardly expanded. 

[0012] According to another aspect of the invention 
there is provided an expandable well screen includes a 
generally tubular base pipe with a series of rows of holes 
formed through a sidewall of the base pipe, and a filter- 
20 ing media disposed externally on the base pipe. The 
holes of each row interconnect with each other, forming 
a larger opening, when the base pipe is expanded radi- 
ally outward. 

[0013] In an embodiment, the series of rows of holes 
25 is arranged helically on the base pipe relative to the lon- 
gitudinal axis. 

[0014] In an embodiment, wherein the holes in each 

row are distributed along a line. 

[0015] In an embodiment, the expandable well screen 

30 further comprises a generally tubular protective shroud 
outwardly overlying the filtering media. The shroud pref- 
erably includes a recess formed internally thereon, the 
recess permitting transverse fluid flow between the 
shroud and the filtering media when the filtering media 

35 is compressed against the shroud. 

[0016] In an embodiment, the filtering media includes 
a layer of relatively fine filtering material sandwiched be- 
tween layers of relatively coarse filtering material. The 
relatively fine filtering material may be a sintered woven 

40 filtering material. 

[0017] In an embodiment, the filtering media includes 
a woven material having strands thereof which are ar- 
ranged helically relative to the base pipe longitudinal ax- 
is. 

45 [0018] In an embodiment, the base pipe includes a re- 
cess externally formed thereon, the recess permitting 
transverse fluid flow between the base pipe and the fil- 
tering media when the filtering media is compressed 
against the base pipe. 

50 [0019] According to another aspect of the invention 
there is provided an expandable well screen is provided 
which includes a generally tubular base pipe with a se- 
ries of holes formed through a sidewall of the base pipe, 
and a filtering media disposed externally on the base 

55 pipe. The holes are distributed helically relative to a lon- 
gitudinal axis of the base pipe. When the base pipe is 
expanded radially outward, each of the holes is com- 
pressed in the direction of the base pipe longitudinal ax- 
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is. 

(0020] In an embodiment, the expandable further 
comprises a generally tubular protective shroud out- 
wardly overlying the filtering media. 
(0021 J In an embodiment, the filtering media includes 
a layer of relatively fine filtering material sandwiched be- 
tween layers of relatively coarse filtering material. The 
relatively fine filtering material may be a sintered woven 
filtering material. 

[0022] In an embodiment, the filtering media includes 
a woven material having strands thereof which are ar- 
ranged helically relative to the base pipe longitudinal ax- 
is. 

[0023] According to another aspect of the invention 
there is provided an expandable well screen, compris- 
ing: an elongated strip of filtering media wrapped heli- 
cally about a longitudinal axis. The filtering media may 
be wrapped helically about a base pipe. The filtering me- 
dia may be wrapped in multiple wraps about the base 
pipe, preferably with a connection formed between ad- 
jacent wraps. The connection may be a welded seam 
between the wraps, or it may include a connector be- 
tween the wraps. If a connector is used, various types 
of lines (electric, hydraulic, communication, chemical in- 
jection, etc.) may be positioned adjacent the connector. 
[0024] In an embodiment, the filtering media includes 
a woven material with strands thereof oriented helically 
relative to the longitudinal axis. 
[0025] In an embodiment, the filtering media includes 
a layer of relatively fine filtering material sandwiched be- 
tween layers of relatively coarse filtering material. The 
relatively fine filtering material may be a sintered woven 
filtering material. 

[0026J According to another aspect of the invention 
there is provided an expandable well screen, compris- 
ing: multiple elongated strips of filtering media spaced 
apart and distributed circumferentially about a longitu- 
dinal axis and extending parallel to the longitudinal axis; 
and multiple elongated expansion strips, one of the ex- 
pansion strips being interconnected between each ad- 
jacent pair of the filtering media strips, and the expan- 
sion strips lengthening circumferentially to thereby in- 
crease circumferential separation between the filtering 
media strips. The filtering media and expansion strips 
may be circumferentially distributed about a base pipe. 
The filtering media strips and expansion strips are ar- 
ranged in an alternating fashion. The filtering media 
strips and expansion strips are connected to each other 
so that, when the base pipe is expanded radially out- 
ward, the expansion strips lengthen circumferentially, i 
thereby increasing the circumferential separation be- 
tween the filtering media strips. 
[0027] In an embodiment, the expansion strips have 
longitudinal corrugations formed thereon, and wherein 
the corrugations are at least partially straightened when f 
the expansion strips lengthen circumferentially. 
[0028] In an embodiment, the filtering media includes 
a layer of relatively fine filtering material sandwiched be- 



tween layers of relatively coarse filtering material. The 
relatively fine filtering material may be a sintered woven 
filtering material. 

[0029] In an embodiment, the expandable well screen 
5 further comprises multiple elongated protective shroud 
strips, one of the shroud strips outwardly overlying each 
of the filtering media strips. Each of the shroud strips 
may be is interconnected between two of the expansion 
strips. 

w [0030] In an embodiment, the expandable well screen 
further comprises at least one retaining member secur- 
ing at least one of the expansion strips in a compressed 
configuration thereof, the retaining member releasing 
the at least one expansion strip for expansion thereof 

'5 when the expansion strips lengthen circumferentially. 
[0031] In an embodiment, the expandable well screen 
further comprises multiple elongated protective shroud 
strips, one of the shroud strips outwardly overlying each 
of the filtering media strips, and the retaining member 

20 being connected to two of the shroud strips. 

[0032] In an embodiment, the retaining member is 
connected across at least one of the expansion strips. 
[0033] In an embodiment, the retaining member is at- 
tached directly to the at least one expansion strip. 

25 [0034] In an embodiment, wherein the retaining mem- 
ber extends externally across a longitudinally extending 
fold formed in a base pipe. 

[0035] In an embodiment, the retaining member ex- 
tends externally across a longitudinally extending undu- 
lation in a base pipe. 

[0036] In an embodiment, the base pipe is deformed 
to a radially reduced configuration thereof. 
[0037] In an embodiment, the base pipe has an hour- 
glass cross-sectional shape. 

35 [0038] According to another aspect of the invention 
there is provided an expandable well screen, compris- 
ing: a generally tubular filtering media, the filtering me- 
dia including expansion portions thereof permitting cir- 
cumferential lengthening of the filtering media. 

40 [0039J The generally tubular filtering media may out- 
wardly overlie a base pipe. The expansion portions may 
be longitudinally extending corrugations formed on the 
filtering media. The screen may include longitudinally 
extending ribs positioned between the base pipe and the 

95 filtering media, and at least one of the ribs may be po- 
sitioned between the base pipe and one of the expan- 
sion portions. One or more of the ribs may be substan- 
tially hollow and may have various lines (electrical, hy- 
draulic, communication, chemical injection, etc.) ex- 

w tending therethrough. The filtering media may include a 
series of circumferentially extending and preferably hel- 
ically arranged slots, desirably with a width of each slot 
decreasing when the base pipe is expanded radially out- 
ward. 

'5 [0040] According to another aspect of the invention 
there is provided an expandable well screen, compris- 
ing: a filtering media; a series of (preferably longitudi- 
nally) extending and circumferentially distributed ribs 
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disposed externally relative to the filtering media; and a 
generally tubular protective shroud outwardly overlying 
the ribs. 

[0041] The filtering media may overlie a generally tu- 
bular base pipe. An expansion strip may be connected 
to opposite circumferential ends of the filtering media, 
with the expansion strip elongating circumferential ly 
when the base pipe is radially outwardly expanded, or 
the filtering media may have longitudinal corrugations 
formed thereon which at least partially straighten when 
the base pipe is radially outwardly expanded. The ex- 
pansion strip may include longitudinal corrugations 
formed thereon. 

[0042] In an embodiment, the filtering media includes 
a woven sintered filtering material. 
[0043] In an embodiment, the filtering media includes 
at least two layers of the woven sintered filtering mate- 
rial. 

[0044] The filtering media in the above expandable 
well screens may include a layer of relatively fine filtering 
material sandwiched between layers of relatively coarse 
filtering material. The relatively fine filtering material 
may be a sintered woven filtering material. If the filtering 
media includes a woven material, the material may have 
strands thereof which are arranged helically re\ath/e to 
the base pipe longitudinal axis. 
[0045] Reference is now made to the accompanying 
drawings in which: 

FIGS. 1A & 1B are schematic views of an embodi- 
ment of a method according to the present inven- 
tion; 

FIG. 2 is an enlarged scale partially cross-sectional 
and partially elevational view of a first embodiment 
of an expandable well screen according to the 
present invention; 

FIGS. 3A & 3B are elevational views of an embod- 
iment of a base pipe of the first well screen; 
FIGS. 4A & 4B are elevational views of an alterna- 
tive embodiment of the base pipe of the first well 
screen; 

FIG. 5 is an elevational view of a second embodi- 
ment of an expandable well screen according to the 
present invention; 

FIG. 6 is an enlarged scale view of a portion of the 
second well screen; 

FIG. 7 is an enlarged scale view of an alternative 
configuration of the portion of the second well 
screen; 

FIGS. 8A & 8B are cross-sectional views of a third 
embodiment of an expandable well screen accord- 
ing to the present invention; 
FIGS. 9A & 9B are cross-sectional views of a fourth 
embodiment of an expandable well screen accord- 
ing to the present invention; 
FIGS. 10A & 10B are cross-sectional views of fifth 
a embodiment of an expandable well screen ac- 
cording to the present invention; 



FIG. 11 is an elevational view of a sixth a embodi- 
ment of an expandable well screen according to the 
present invention; 

FIG. 12 is a cross-sectional view of the sixth em- 
5 bodiment of the expandable well screen, taken 
along line 12-12 of FIG. 11; 
FIG. 13 is a cross-sectional view of a seventh a em- 
bodiment of an expandable well screen according 
to the present invention; 
10 FIG. 14 is a cross-sectional view of an eighth a em- 
bodiment of an expandable well screen according 
to the present invention; 

FIG. 15 is an elevational view of a ninth a embodi- 
ment of an expandable well screen according to the 
is present invention; 

FIG. 16 is a cross-sectional view of the ninth em- 
bodiment of the well screen, taken along line 16-16 
of FIG. 15; 

FIG. 17 is an enlarged scale cross-sectional view 
20 of the ninth embodiment of the well screen, taken 
along line 17-17 of FIG. 15; and 
FIG. 18 is an enlarged scale view of a portion of the 
ninth embodiment of the well screen. 

25 [0046] Representatively illustrated in FIGS. 1 A & B is 
a method 10 which embodies principles of the present 
invention. In the following description of the method 10 
and other apparatus and methods described herein, di- 
rectional terms, such as "above", "below", "upper", "low- 
so er", etc., are used only for convenience in referring to 
the accompanying drawings. Additionally, it is to be un- 
derstood that the various embodiments of the present 
invention described herein may be utilized in various ori- 
entations, such as inclined, inverted, horizontal, vertical, 
35 etc., and in various configurations, without departing 
from the principles of the present invention. 
[0047] Referring initially to FIG. 1 A, in the method 10, 
a screen assembly 12 including multiple expandable 
well screens 14, 16, 18 is conveyed into a wellbore 20. 
to The wellbore 20 intersects multiple formations or zones 
22, 24, 26 from which it is desired to produce fluids. The 
screens 14, 16, 18 are positioned opposite respective 
ones of the zones 22, 24, 26. 

[0048] The wellbore 20 is depicted in FIGS. 1A & B 
45 as being uncased, but it is to be clearly understood that 
the principles of the present invention may also be prac- 
ticed in cased wellbores. Additionally, the screen as- 
sembly 12 is depicted as including three individual 
screens 14, 16, 18, with only one of the screens being 
so positioned opposite each of the zones 22, 24, 26, but it 
is to be clearly understood that any number of screens 
may be used in the assembly, and any number of the 
screens may be positioned opposite any of the zones, 
without departing from the principles of the present in- 
55 vention. Thus, each of the screens 14, 16. 18 described 
herein and depicted in FIGS. 1 A & B may represent mul- 
tiple screens. 

[0049] Sealing devices 28, 30, 32, 34 are intercon- 
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nected in the screen assembly 12 between, and above 
and below, the screens 14, 16, 18. The sealing devices 
28. 30, 32, 34 could be packers, in which case the pack- 
ers would be set in the wellbore 20 to isolate the zones 
22. 24, 26 from each other in the wellbore. However, the 5 
sealing devices 28. 30, 32, 34 are preferably expanda- 
ble sealing devices, which are expanded into sealing 
contact with the wellbore 20 when the screen assembly 
12 is expanded as described in further detail below. For 
example, the sealing devices 28, 30, 32. 34 may include io 
a sealing material, such as an elastomer, a resilient ma- 
terial, a non-elastomer, etc.. externally applied to the 
screen assembly 12. 

[0050] Referring additionally now to FIG. 1B, the 
screen assembly 12 has been expanded radially out- is 
ward. The sealing devices 28. 30, 32 and 34 now seal- 
Ingly engage the wellbore 20 between the screens 14, 
16, 18. and above and below the screens. 
[0051] Additionally, the screens 14, 16, 18 preferably 
contact the wellbore 20 at the zones 22, 24. 26. Such 20 
contact between the screens 14, 16, 18 and the wellbore 
20 may aid in preventing formation sand from being pro- 
duced, preventing the formations or zones 22, 24, 26 
from colla psing into the wellbore , etc. However, this con- 
tact is not necessary in keeping with the principles of the 25 
present invention, 

[0052J The use of an expandable screen assembly 1 2 
has several additional benefits. For example, the radi- 
ally reduced configuration shown in FIG. 1A may be ad- 
vantageous for passing through a restriction uphole, 30 
and the radially expanded configuration shown in FIG. 
1B may be advantageous for providing a large flow area 
and enhanced access therethrough. However, the ex- 
pandable screen assembly 12 must have sufficient tor- 
sional and tensile strength so that it is not damaged 35 
while being conveyed and positioned in the wellbore 20 
and. if the screens 14, 16, 18 are to be expanded into 
contact with the zones 22, 24, 26 for radial support 
thereof, the screens must have sufficient collapse re- 
sistance. 40 
[0053] Referring additionally now to FIG. 2, an ex- 
pandable well screen 36 embodying principles of the 
present invention is representatively illustrated. The well 
screen 36 may be used for one or more of the well 
screens 14, 16, 18 in the method 10. However, it is to *5 
be clearly understood that the well screen 36 may be 
utilized in any other method without departing from the 
principles of the present invention. 
[0054] The well screen 36 includes a generally tubular 
base pipe 38, a filtering media 40 outwardly overlying so 
the base pipe, and a generally tubular protective outer 
shroud 42 outwardly overlying the filtering media. The 
shroud 42 has openings 44 formed through a sidewall 
thereof to admit fluid into the well screen 36. The fluid 
is filtered by passing inwardly through the filtering media 55 
40. The fluid then flows inwardly through openings 46 
formed through a sidewall of the base pipe 38. 
[0055] The well screen 36 may be radially expanded 



utilizing any of various methods. For example, a swage 
may be passed through the base pipe 38, fluid pressure 
may be applied to a membrane positioned within the 
base pipe, etc. Thus, any method of expanding the well 
screen 36 may be used, without departing from the prin- 
ciples of the present invention. 
[0056] The shroud 42 protects the filtering media 40 
from damage while the well screen 36 is being conveyed 
and positioned in a well. Additionally, if the well screen 
36 is used in a method, such as the method 10 described 
above, wherein the well screen is expanded into radial 
contact with a wellbore. the shroud 42 also protects the 
filtering media 40 from damage due to such contact, and 
provides radial support to prevent collapse of the well- 
bore. Thus, the shroud 42 is preferably constructed of 
a durable, deformable. high strength material, such as 
steel, although other materials may be used in keeping 
with the principles of the present invention. 
[0057] It will be readily appreciated that, when the 
base pipe 38 is expanded radially outward, the filtering 
media 40 will be radially compressed between the 
shroud 42 and the base pipe. Because of differential ex- 
pansion between the base pipe 38 and the shroud 42, 
it may be difficult or otherwise undesirable to maintain 
alignment between the openings 44 in the shroud and 
the openings 46 in the base pipe. This lack of alignment 
between the openings 44. 46 and compression of the 
filtering media 40 between the shroud 42 and the base 
pipe 38 could severely restrict the flow of fluid into the 
well screen 36. However, the filtering media 40 includes 
features which completely or substantially eliminate this 
potential problem. 

[0058] Specifically, the filtering media 40 includes 
three layers of filtering material - an outer relatively 
coarse layer 48, a middle relatively fine layer 50, and an 
inner relatively coarse layer 52. The terms "fine- and 
"coarse" are used herein to indicate the relative size of 
particles permitted to pass through the filter layers 48, 
50, 52. That is, the middle layer 50 filters fine or small- 
sized particles from fluid passing therethrough, while the 
inner and outer layers 48. 52 filter coarse or larger-sized 
particles from fluid passing therethrough. 
[0059] However, the inner and outer layers 48. 52 are 
not necessarily used for their filtering properties, al- 
though at least the outer layer 48 will filter larger-sized 
particles from fluid flowing into the well screen 36. In- 
stead, they are used primarily to provide for flow be- 
tween the openings 44, 46 after the base pipe 38 is ex- 
panded. For example, if the filter layers 48, 52 are made 
of a relatively coarse woven material as depicted in FIG. 
2, fluid may flow transversely through the layers be- 
tween the shroud 42 and the base pipe 38. Thus, fluid 
may flow into one of the openings 44, flow transversely 
through the outer filter layer 48, flow inwardly through 
the middle filter layer 50, flow transversely through the 
inner filter layer 52 to one'of the openings 46, and then 
flow inwardly through the opening 46. Therefore, even 
if the filtering media 40 is radially compressed between 
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the shroud 42 and the base pipe 38, and the openings 
44 are not aligned with the openings 46. fluid may still 
flow relatively unimpeded through the filtering media 
(other than the resistance to flow due to the relatively 
fine middle filter layer 50). 5 
[0060] Another method of providing for transverse flu- 
id flow between the shroud 42 and the base pipe 38 is 
to form grooves or recesses 55 internally on the shroud 
and/or grooves or recesses 57 externally on the base 
pipe. In this manner, either or both of the filter layers 48, 10 
52 may be eliminated from the filtering media 40. 
[0061] Preferably the filter layers 48, 50, 52 are each 
made of a woven metal material, with strands thereof 
sintered to each other and oriented helically relative to 
a longitudinal axis 54 of the base pipe 38. Sintering of is 
the strands improves the strength of the filter layers 48, 
50, 52 while maintaining consistency in the spacing be- 
tween the strands when the layers are radially outwardly 
expanded. Orienting the strands helically relative to the 
base pipe axis 54 aids in preventing distortion of the filter 20 
layers 48, 50, 52 when the layers are radially outwardly 
expanded. However, it is to be clearly understood that 
it is not necessary in keeping with the principles of the 
present invention for the filtering media 40 to be made 
up of multiple Iayers48, 50, 52 of woven material having 25 
sintered strands oriented helically relative to the base 
pipe axis 54, since other types of filtering media may be 
used in the well screen 36. 

[0062] Note that the filtering media 40 may be 
stretched circumferentially when the well screen 36 is 30 
radially outwardly expanded. Preferably, this stretching 
of the filtering media 40 results in a change of less than 
fifty percent in the size of the openings for fluid flow 
through each of the layers 48, 50, 52. Additionally, it is 
preferred that the maximum size of the openings forfluid 35 
flow through the one of the layers 48, 50, 52 having the 
smallest mesh (i.e., the layer filtering the smallest par- 
ticles from the fluid flowing therethrough) is 500 um. 
Thus, after the well screen 36 is radially outwardly ex- 
panded, the filtering media 40 preferably filters particles *o 
having a size of greater than 500u.m from the fluid flow- 
ing therethrough. 

[0063] Referring additionally now to FIGS. 3A & B, an 
elevational view of a portion of the base pipe 38 is rep- 
resentatively illustrated apart from the remainder of the *5 
well screen 36. The portion of the base pipe 38 illustrat- 
ed in FIGS. 3A & B is shown as If the base pipe were 
"unrolled" or flattened from its normal tubular form. FIG. 
3A shows the portion of the base pipe 38 prior to radial 
expansion of the base pipe, and FIG. 3B shows the por- so 
tion of the base pipe after it has been radially expanded. 
[0064] In FIG. 3A it may be seen that the openings 46 
are arranged helically on the base pipe 38 relative to the 
longitudinal axis 54. This arrangement of the openings 
46 provides good hoop strength in the base pipe 38 and 55 
provides support for the filtering media 40. 
[0065J In FIG. 3B, it may be seen that the openings 
46 are axially compressed when the base pipe 38 is ra- 



dially extended. Some axial shortening of the base pipe 
38 occurs when it is radially outwardly extended. The 
helical arrangement of the openings 46 relative to the 
base pipe longitudinal axis 54 may increase the axial 
shortening of the base pipe 38 while provid ing enhanced 
control over the final expanded size of the well screen 
36. 

[0066] Referring additionally now to FIGS. 4A & B, the 
portion of the base pipe 38 is again illustrated in "un- 
rolled" form, with FIG. 4A showing the portion of the 
base pipe prior to radial expansion of the base pipe, and 
FIG. 4B showing the portion of the base pipe after the 
base pipe has been radially expanded. FIGS. 4A & B 
depict an alternate configuration of the base pipe 38 in 
which the openings 46 are replaced by multiple series 
of rows 56 of holes 58. 

[0067] The series of rows 56 are arranged helically on 
the base pipe 38 relative to the longitudinal axis 54, with 
each row extending parallel to the longitudinal axis 54. 
The holes 58 of each row 56 are arranged along a 
straight line. However, it should be clearthat this helical 
arrangement of the series of rows 56 relative to the axis 
54, the parallel relationship between each row and the 
axis, and the linear arrangement of the holes 58 within 
each row may be changed, without departing from the 
principles of the present invention. 
[0068] By substituting the smaller holes 58 for the 
openings 46, the torsional and tensile strength of the 
base pipe 38 is enhanced. When the base pipe 38 is 
expanded as depicted in FIG. 4B, the holes 58 of each 
row 56 interconnect with each other to form larger open- 
ings. Thus, a desired final flow area through the sidewall 
of the base pipe 38 may be achieved after the base pipe 
is radially expanded, even though the desired flow area 
is not present before the base pipe is expanded. The 
helical arrangement of the series of rows 56 may also 
increase the axial shortening of the base pipe 38 while 
providing enhanced control over the final expanded size 
of the well screen 36. 

[0069] Referring additionally now to FIG. 5, another 
well screen 60 embodying principles of the present in- 
vention is representatively illustrated. The well screen 
60 may be used in the method 10 described above, or 
it may be used in any other method, without departing 
from the principles of the present invention, 
[0070] The well screen 60 includes a generally tubular 
base pipe 62 having a longitudinal axis 64, an elongated 
strip of filtering media 66 outwardly overlying the base 
pipe, and generally tubular transition members 68 used 
for attaching the filtering media to the -base pipe. Al- 
though not shown in FIG. 5, the well screen 60 may also 
include a generally tubular outer shroud outwardly over- 
lying the filtering media 66. 

[0071] The filtering media 66 may be made of a similar 
material and may have similar layers of filtering material 
as the filtering media 40 described above. As depicted 
in FIG. 5, strands of the filtering material are oriented 
helically relative to the base pipe longitudinal axis 64. 
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The filtering media 66 is itself wrapped helically about 
the base pipe 62 in multiple wraps. 
[0072] As with the filtering media 40 described above, 
the filtering media 66 iscircumferentiafly stretched when 
the well screen 60 is radially expanded. Preferably, the 
openings for fluid flow through the filtering media 66 
change in size less than fifty percent, and the filtering 
media filters particles having a size greater 500 nmfrom 
the fluid flowing through the filtering media, when the 
well screen 60 is radially expanded. 
[0073) Referring additionally now to FIG. 6, an en- 
larged view of a portion of the well screen 60 (indicated 
by the encircled area designated by the reference 
number 6 in FIG. 5) is representatively illustrated. In this 
view a connection between adjacent wraps of the filter- 
ing media 66 may be seen. Specifically, the connection 
is a welded seam 70 between the filtering media 66 
wraps. The seam 70 extends helically about the base 
pipe longitudinal axis 64. 

[0074] Referring additionally now to FIG. 7, an alter- 
nate connection between adjacent wraps of the filtering 
media 66 may be seen. Instead of welding the filtering 
media 66 wraps to each other, a connector 72 is welded 
between adjacent wraps. The connector 72 extends hel- 
ically about the base pipe longitudinal axis 64. 
[0075] Note that the connector 72 spaces apart the 
adjacent filtering media 66 wraps. This spacing apart of 
the filtering media 66 wraps provides a convenient lo- 
cation for lines 74 extending from one end to the other 
on the well screen 60. The lines 74 may include one or 
more of a hydraulic line for delivering and/or returning 
fluid and/or fluid pressure downhole, a chemical injec- 
tion line, an electric line for communicating data ortrans- 
mitting power downhole, a communication line, such as 
a fiber optic cable, etc. Any other type of line may be 
used as one or more of the lines 74 in keeping with the 
principles of the present invention. 
[0076] The lines 74 are depicted in FIG. 7 as being 
externally disposed relative to the connector 72, but it 
is to be understood that the lines may be otherwise po- 
sitioned. For example, the lines 74 could be positioned 
beneath the connector 72, the lines could extend 
through a hollow connector, etc. 
[0077] Referring additionally now to FIGS. 8A&B, an- 
other well screen 76 embodying principles of the present 
invention is representatively illustrated. In FIG. 8A, the 
well screen 76 is depicted as it is conveyed into a well. 
In FIG. 8B, the well screen 76 is depicted after a base 
pipe 78 thereof has been radially outwardly extended. 
[0078] The well screen 76 includes the base pipe 78 
with interconnected circumferentially alternating filtering 
portions 80 and expansion portions 82 outwardly over- 
lying the base pipe. The filtering portions 80 each in- 
clude an elongated strip of filtering media 84 and an 
elongated shroud strip 86 outwardly overlying the filter- 
ing media. The filtering media 84 may be similar to the 
filtering media 40 described above, or it may be another 
type of filtering media. The expansion portions 82 may 



be made of a suitable deformable material and, as de- 
picted in FIG. 8A. may include longitudinally extending 
corrugations 88 formed thereon to facilitate circumfer- 
ential lengthening of the expansion portions. 
5 [0079] In FIG. 8B it may be seen that the expansion 
portions 82 have been lengthened circumferentially rel- 
ative to the base pipe 78 as the base pipe has been ra- 
dially outwardly extended. This increase in the circum- 
ferential lengths of the expansion portions 62 has in- 
fo creased the circumferential separation between the fil- 
tering portions 80. thereby permitting radially outward 
displacement of the filtering portions, without requiring 
substantial stretching, lengthening, or other deformation 
of the filtering media 84, and thus preventing damage 
15 to the filtering media. 

[0080] The expansion portions 82 may be otherwise 
configured, without departing from the principles of the 
present invention. For example, the expansion portions 
82 may be made of a material which is readily stretched, 
20 withoutthe need of forming corrugations, folds, etc. ther- 
eon, the expansion portions may be otherwise length- 
ened, such as by using telescoping members, etc. 
[0081] Furthermore, the expansion portions 82 may 
be physically connected to the filtering portions 80 in any 
25 manner, without departing from the principles of the 
present invention. For example, the expansion portions 
82 may be attached directly to the filtering medias 84 
and/or directly to the shrouds 86, or to another structure 
of the filtering portions, etc. It also is not necessary for 
■30 only one of the expansion portions 82 to be intercon- 
nected between only two of the filtering portions 80. 
[0082] Referring additionally now to FIGS. 9A & B, an- 
other well screen 90 embodying principles of the present 
invention is representatively illustrated. The well screen 
35 90 is depicted in FIG. 9A in a radially compressed con- 
figuration in which it is conveyed in a well. The well 
* screen 90 is depicted in FIG. 9B in a radially expanded 
configuration. 

[0083] Note that the well screen 90 is similar in many 
40 respects to the well screen 76 described above, in that 
it includes a base pipe 92 with circumferentially alternat- 
ing filtering portion strips 94 and expansion portion strips 
96 outwardly overlying the base pipe. The filtering por- 
tions 94 include filtering media 98 and shroud 100 strips 
^5 similar to those described above, and the expansion 
portions 96 have longitudinally extending corrugations 
102 formed thereon. 

[0084J However, in the radially compressed configu- 
ration of the well screen 90, the base pipe 92 has longi- 

50 tudinalfy extending corrugations or undulations 104 
formed thereon which radially reduce the size of the 
base pipe. The undulations 104 give the base pipe 92 
an hourglass-shaped cross-section as depicted in FIG. 
9A. When the base pipe 92 is radially outwardly extend- 

55 ed, the undulations 104 are substantially eliminated, as 
are the corrugations 102 of the expansion portions 96, 
and the filtering portions 94 are radially outwardly dis- 
placed. 
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[0085] Another difference between the well screens 
76, 90 is that the well screen 90 includes retaining mem- 
bers 106 securing the expansion strips 96 in com- 
pressed configurations thereof, as depicted in FIG. 9A. 
When the base pipe 92 is radially outwardly extended, 
the retaining members 106 release, thereby permitting 
the expansion strips 96 to circumferentially lengthen rel- 
ative to the base pipe, as depicted in FIG. 96. In the 
compressed configuration of the well screen 90, each 
of the retaining members 106 may be attached between 
two of the shroud strips 100. 

[0086] Referring additionally now to FIGS. 10A & B, 
another well screen 108 embodying principles of the 
present invention is representatively illustrated. The well 
screen 108 is depicted in a radially compressed config- 
uration in FIG. 10A, in which the well screen is conveyed 
in a well. In FIG. 10B, the well screen 108 is depicted in 
a radially expanded configuration. 
[0087] The well screen 108 is very similar to the well 
screen 90 described above, in that it includes a base 
pipe 120 and circumferentially alternating strips of ex- 
pansion portions 110 and filtering portions 112. The fil- 
tering portions 112 each include a filtering media strip 
114 and an external shroud strip 116. The filtering media 
114 may be similar to the filtering media 40 described 
above. The expansion portions 110 are interconnected 
between the filtering portions 112. A retaining member 
118 secures each expansion portion 110 in a com- 
pressed configuration until the base pipe 120 is radially 
outwardly expanded. 

[0088] However, in the well screen 108, the base pipe 
120 has longitudinally extending folds 122 formed ther- 
eon in the radially compressed configuration of the well 
screen. The expansion portions 110 also have longitu- 
dinally extending folds 124 formed thereon. When the 
base pipe 120 is radially expanded, the folds 122, 124 
are partially or completely eliminated, as depicted in 
FIG. 10B. 

[0089) Note also that the retaining members 118 are 
interconnected between opposite circumferential ends 
of each of the expansion portions 110 (see FIG. 10A), 
instead of being interconnected to the expansion por- 
tions 112. When the base pipe 120 is radially expanded, 
the retaining members 118 release and permit the ex- 
pansion portions 110 to "unfold" or otherwise lengthen 
circumferentially 

[0090] Referring additionally now to FIG. 11, another 
well screen 126 embodying principles of the present in- 
vention is representatively illustrated. The well screen 
126 includes a filtering media 128 outwardly overlying 
a generally tubular base pipe 130. The filtering media 
128 is depicted as a generally tubular structure having 
circumferentially extending slots 132 formed there- 
through, with the slots being helically arranged relative 
to a longitudinal axis 134 of the base pipe. Of course, 
the filtering media 128 may be otherwise constructed, 
without departing from the principles of the present in- 
vention. 



[0091] The filtering media 128 is preferably made of 
a suitable durable and deformable material, such as 
steel, through which the slots 132 may be readily 
formed, such as by laser machining, water cutting, etc. 

5 Alternatively, each of the slots 132 could instead be a 
row of closely spaced small diameter holes (for exam- 
ple, having a diameter of approximately 0.008 in [0.2 
mm] and spaced approximately 0.016 in [0.41 mm] 
apart). The slots or holes 1 32 are used to filter fluid f low- 

10 jng inwardly through the filtering media 128. 

[0092] The filtering media 128 has corrugations or 
pleats 136 formed thereon. The pleats 136 may be seen 
in FIG. 12, which is a cross-sectional view of the well 
screen 1 26, taken along line 1 2-1 2 of FIG. 1 1 . The pleats 

15 136 permit the filtering media 128 to lengthen circum- 
ferentially when the base pipe 130 is expanded radially 
outward, without substantially stretching the filtering 
media material. 

[0093] A series of circumferentially spaced apart and 
20 longitudinally extending rods or ribs 138 is disposed ra- 
dially between the filtering media 128 and the base pipe 
130. Some of the ribs 138 may be positioned between 
the pleats 136 and the base pipe 130. The ribs 138 aid 
in radially outwardly displacing the filtering media 128 
25 when the base pipe 130 is radially expanded. In addi- 
tion, the ribs 138 provide for transverse flow of fluid be- 
tween the filtering media 128 and the base pipe 130. 
Thus, fluid flowing inwardly through one of the slots 132 
may then flow transversely between the filtering media 
^o 1 28 and the base pipe 1 30 before flowing into the base 
pipe through an opening (not shown) formed through a 
sidewall of the base pipe. 

[0094] Note that the ribs 138 may be otherwise dis- 
posed between the filtering media 128 and the base pipe 

35 1 30, while still outwardly supporting the filtering media 
and providing for transverse flow of fluid between the 
filtering media and the base pipe. For example, the ribs 
138 could be helically disposed relative to the base pipe 
130. As further alternatives, the ribs 138 could be re- 

40 placed by a layer of the relatively coarse woven material 
52 described above, transverse fluid flow may be pro- 
vided by the grooves or recesses 55, 57 described 
above formed on the base pipe 130, etc. 
[0095] Referring additionally now to FIG. 13, another 

45 well screen 140 embodying principles of the present in- 
vention is representatively illustrated. The well screen 
140 is similar to the well screen 126 described above in 
that it includes a generally tubular base pipe 142. a fil- 
tering media 144 outwardly overlying the base pipe 142 

so and longitudinally extending and circumferentially 
spaced apart ribs 148. The filtering media 144 may be 
similar to the filtering media 40 described above. 
[0096] However, in the well screen 140, a generally 
tubular outer protective shroud 1 50 envelopes the filter- 

55 jng media 144, and the ribs 148 are positioned between 
the filtering media and the shroud. Since the ribs 148 
provide for transverse fluid flow between the shroud 1 50 
and the filtering media 144, the outer layer of the filtering 
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media (see outer layer 48 in FIG. 2) may not be used. 
Additionally, pleats or corrugations 146 are formed on 
an elongated expansion portion 152 interconnected be- 
tween circumferential ends of the filtering media 144. 
[0097) When the base pipe 142 is radially expanded, 
the corrugations 146 are fully or at least partially extend- 
ed, thereby circumferentially lengthening the expansion 
portion 152 and permitting the filtering media 144 to be 
radially outwardly displaced without requiring substan- 
tial stretching of the filtering material. 
[0098] Representatively illustrated in FIG. 14 is anoth- 
er well screen 154 embodying principles of the present 
invention. The well screen 154 is very similar to the well 
screen 140 described above, in that it includes a gener- 
ally tu bular base pipe 1 56, a filtering media 1 58 outward- 
ly overlying the base pipe, an outer protective shroud 
160 and ribs 162 extending longitudinally between the 
shroud and the filtering media. The filtering media 158 
may be similar to the filtering media 40 described above, 
with the exception that it may not include the outer rel- 
atively coarse layer of filtering material 48, since the ribs 
162 should provide for transverse flow of fluid between 
the shroud 160 and the filtering media. 
[0099] However, instead of the expansion portion 152 
of the well screen 140, the well screen 1 54 differs in that 
its filtering media 158 has longitudinally extending cor- 
rugations 164 formed directly thereon. When the base 
pipe 156 is radially expanded, the corrugations 164 are 
fully or at least partially straightened, thereby circumfer- 
entially lengthening the filtering media 158 and permit- 
ting it to be radially outwardly d isplaced without substan- 
tially stretching the filtering material. 
[0100] Referring additionally now to FIGS. 15-17, an- 
other well screen 166 embodying principles of the 
present invention is representatively illustrated. The well 
screen 166 is shown in an elevational view in FIG. 15, 
in a cross-sectional view in FIG. 16 taken along longitu- 
dinal line 16-16 of FIG. 15, and in an enlarged cross- 
sectional view in FIG. 17 taken along lateral line 17-17 
of FIG. 15. 

[0101] The well screen 1 66 is similar in some respects 
to the well screen 126 described above, in that it in- 
cludes a generally tubular base pipe 168, a generally 
tubular and laterally slotted filtering media 1 70 outward- 
ly overlying the base pipe, and a series of circumferen- 
tially spaced apart longitudinally extending ribs 1 72 dis- 
posed between the filtering media and the base pipe. 
Slots 174 in the filtering media 170 extend laterally, are 
arranged in series extending helically about the base 
pipe 168, are used to filter fluid flowing therethrough, 
and may be replaced by rows of relatively small diame- 
ter closely spaced holes as described above for the slots 
132. 

[0102] However, the well screen 166 differs in some 
respects from the previously described well screen 126 
in that one or more of the ribs 172 may be hollow and 
may have lines extending therethrough, and the filtering 
media 170 does not include the pleats 136. An enlarged 



scale cross-sectional view of one of the ribs 172 is 
shown in FIG. 18, wherein it may be seen that a hydrau- 
lic or chemical injection line 176. an electrical line 178 
and a fiber optic line 180 extend through the hollow rib. 
5 These lines may be used to power equipment in a well 
below the well screen 166, communicate with tools in 
the well, etc., and it is to be clearly understood that any 
type of line may be used without departing from the prin- 
ciples of the present invention. 
10 [0103] Another useful purpose for the hollow ribs 172 
is to prevent excessive expansion force from being im- 
parted to the filtering media 170. For example, when the 
base pipe 168 is radially outwardly expanded, the ex- 
pansion force used to expand the base pipe is transmit- 
15 ted via the ribs 1 72 to the filtering media 170. The ribs 
172 are compressed between the base pipe 168 and 
the filtering media 170 by the expansion force and, if the 
expansion force is excessive, the ribs will collapse, 
thereby preventing the excessive force from being 
20 transmitted to the filtering media. This collapse of the 
ribs 172 may be useful in preventing damage to the fil- 
tering media 170 so that the well screen 166 may still 
be used, even though an excessive expansion force has 
been applied to the base pipe 168. 
25 [0104] Note that the slots 174 will decrease in width 
when the base pipe 168 is radially expanded. This is 
due to the fact that the filtering media 1 70 is axially short- 
ened somewhat when it is radially expanded, due to the 
filtering media being stretched circumferentially. Prefer- 
30 ably, the filtering media 170 filters particles greater than 
500 jim from the fluid flowing therethrough (i.e., the slots 
1 74 have a width of less than or equal to 500 Mm) when 
the well screen 166 is radially expanded. In addition, it 
is preferred that the width of the slots 174 decrease less 
35 than fifty percent when the well screen 166 is radially 
expanded. 

[0105] Of course, a person skilled in theart would, up- 
on a careful consideration of the above description of 
representative embodiments of the invention, readily 

to appreciate that many modifications, additions, substitu- 
tions, deletions, and other changes may be made to 
these specific embodiments, and such changes are 
contemplated by the principles of the present invention. 
Accordingly, the foregoing detailed description is to be 

*s clearly understood as being given by way of illustration 
and example only, the spirit and scope of the present 
invention being limited solely by the appended claims. 

50 Claims 

1. An expandable well screen, comprising: a filtering 
media, the filtering media stretching circumferen- 
tially when the well screen is radially outwardly ex- 

»5 panded. 

2. A well screen according to Claim 1 , wherein the fil- 
tering media comprises an elongated strip disposed 
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in a helical configuration. 



3. An expandable well screen, comprising: a generally 
tubular base pipe having a longitudinal axis and a 
series of spaced apart rows of holes formed through 5 
a sidewall of the base pipe, the holes of each row 
interconnecting with each other when the base pipe 
is expanded radially outward; and a filtering media 
configured for filtering fluid flowing through the base 
pipe holes. to 



4. An expandable well screen according to Claim 3, 
wherein the series of rows of holes is arranged heh 
t'cally on the base pipe relative to the longitudinal 
axis. f5 



5. An expandable well screen, comprising: a generally 
tubular base pipe having a longitudinal axis and a 
series of holes formed through a sidewall of the 
base pipe, the holes being distributed helically rel- 20 
ative to the base pipe longitudinal axis, and each of 
the holes being compressed in a direction of the 
base pipe longitudinal axis when the base pipe is 
expanded radially outward; and a filtering media 
disposed externally on the base pipe. 25 

6. An expandable well screen according to Claim 5, 
further comprising a generally tubular protective 
shroud outwardly overlying the filtering media. 

30 

7. An expandable well screen, comprising: an elongat- 
ed strip of filtering media wrapped helically about a 
longitudinal axis. 



8. An expandable well screen, comprising: multiple 35 
elongated strips of filtering media spaced apart and 
distributed ci rcu mfe re nti ally about a longitudinal ax- 
is and extending parallel to the longitudinal axis; 
and multiple elongated expansion strips, one of the 
expansion strips being interconnected between <o 
each adjacent pair of the filtering media strips, and 

the expansion strips lengthening circumferentially 
to thereby Increase circumferential separation be- 
tween the filtering media strips. 

45 

9. An expandable well screen, comprising: a generally 
tubular filtering media, the filtering media including 
expansion portions thereof permitting circumferen- 
tial lengthening of the filtering media. 

50 

10. An expandable well screen, comprising: a filtering 
media; a series of longitudinally extending and cir- 
cumferentially distributed ribs disposed externally 
relative to the filtering media; and a generally tubu- 
lar protective shroud outwardly overlying the ribs. 55 
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